CONTEXT AND OBJECTIVE: The prevalence of vitamin B12 deficiency varies from 5.8% to 30% among patients undergoing long-term treatment with metformin. Because of the paucity of data on Brazilian patients, this study aimed to determine the frequency of B12 deficiency and related factors among Brazilian patients with type 2 diabetes mellitus (T2DM) using metformin. DESIGN AND SETTING: Cross-sectional study at a public university hospital. METHODS: Patients with T2DM and a control group of non-diabetics were included. Serum B12 levels were measured and biochemical B12 deficiency was defined as serum levels < 180 pg/ml. Associations between B12 deficiency and age, duration of T2DM, duration of use and dosage of metformin, and use of proton pump inhibitors (PPIs) or histamine H2 antagonists were determined. RESULTS: 231 T2DM patients using metformin (T2DM-met) and 231 controls were included. No difference in the frequency of PPI or H2-antagonist use was seen between the groups. B12 deficiency was more frequent in the T2DM-met group (22.5% versus 7.4%) and this difference persisted after excluding PPI/ H2-antagonist users (17.9% versus 5.6%). The factors that interfered with serum B12 levels were PPI/H2antagonist use and duration of metformin use ≥ 10 years. Use of PPI/H2-antagonists was associated with B12 deficiency, with an odds ratio of 2.60 (95% confidence interval, 1.34-5.04). CONCLUSIONS: Among T2DM patients, treatment with metformin and concomitant use of PPI/H2-antagonists are associated with a higher chance of developing B12 deficiency than among non-diabetics.
INTRODUCTION
Metformin is considered to be the first-choice therapy for type 2 diabetes mellitus (T2DM) due to its efficacy in decreasing insulin resistance and cardiovascular risk. [1] [2] [3] [4] Despite its known efficacy and favorable safety profile, there are non-negligible side effects such as vitamin B12 malabsorption. 5 Vitamin B12, or cyanocobalamin, is found in foods of animal origin and has an important role in deoxyribonucleic acid (DNA) synthesis and in many biochemical reactions. The prevalence of B12 deficiency varies from 5.8% to 30% among patients undergoing long-term treatment with metformin. [6] [7] [8] [9] [10] [11] [12] [13] Identifying B12 deficiency is clinically relevant since several conditions may be associated with this, such as megaloblastic anemia, neuropathy, cognitive dysfunction, memory loss, irritability, dementia, extrapyramidal signs and increased risk of osteoporosis. [14] [15] [16] [17] To date, only one study has estimated the prevalence of B12 deficiency among Brazilian T2DM patients using metformin. 11 That study was conducted in southern Brazil and found that B12 deficiency occurred in 6.9% of the patients.
OBJECTIVE
Because of the reported association between metformin use and B12 deficiency, its high morbidity and the paucity of data among
Brazilian patients, the present study aimed to determine the frequency of biochemical B12 deficiency and its related factors among T2DM patients using metformin who were followed up at an endocrinology outpatient clinic in a public university hospital in southeastern Brazil.
METHODS

Study design
This was a cross-sectional study at a public university hospital.
Study population
T2DM patients were recruited from the outpatient endocrinology clinic at a public university hospital, over a 24-month period. A substantial proportion of these patients are referred to our hospital by primary care centers in the same municipality. The control group consisted of non-diabetic individuals, who were matched for sex and age and were recruited in the same outpatient clinic and at the Blood Donation Center of this hospital. All subjects entered the study after they had given their written informed consent, in accordance with a protocol approved by the Ethics Committee (protocol number: 0019.0.258.000I).
The inclusion criteria for the patients' group were that they needed to have T2DM, be older than 18 years of age and have been using metformin for at least three years. Patients and controls were excluded from the study if they had a history of partial or total gastrectomy, malabsorptive diseases, B12 supplementation during the three months prior to enrollment in the study or documented pernicious anemia, or if they were vegetarians or pregnant women. 
Methods
During
RESULTS
Participants' characteristics
A total of 462 subjects were included from June 2012 to June 2014, comprising 231 T2DM patients who were using metformin (T2DM-met) and 231 controls. The patients' and controls' characteristics are shown in Table 1 .
In comparing the T2DM-met and control groups, no difference in the frequency of PPI or H2-antagonist use was seen.
However, the median serum B12 level was lower in the T2DM group (272 versus 348 pg/ml; P < 0.001) (Figure 1) . Considering the T2DM-met patients, B12 levels were significantly lower in PPI or H2-antagonist users compared with T2DM-met patients that did not use PPI or H2-antagonist (210 versus 292 pg/ml; P = 0.002) (Figure 2 ).
After excluding PPI or H2-antagonist users among the patients and controls, the serum B12 levels were still significantly lower in the T2DM-met group (292 versus 358 pg/ml; P = 0.001).
Frequency of vitamin B12 deficiency
Biochemical B12 deficiency was more frequent in the T2DM-met group than in the control group (22.5% versus 7.4%; P < 0.001).
After excluding PPI or H2-antagonist users among the patients and controls, the frequency of B12 deficiency continued to be significantly higher in the T2DM-met group (17.9% versus 5.6%; P = 0.001). When the duration of metformin use was classified as < 10 years or ≥ 10 years, the prevalence of biochemical B12 deficiency was higher in the T2DM-met group ≥ 10 years (28.0% versus 17.7%; P = 0.04).
Factors associated with vitamin B12 deficiency
The factors that significantly interfered with serum B12 levels after multiple regression were PPI or H2-antagonist use and duration of metformin use ≥ 10 years. PPI or H2-antagonist use was associated with biochemical B12 deficiency (odds ratio [OR] 2.60; 95% CI: 1.34-5.04).
Consequences of vitamin B12 deficiency
Among the T2DM-met patients with B12 deficiency (n = 52), anemia was seen in 23.1% (n = 12). The prevalence of anemia did not differ between T2DM-met patients with and without B12 deficiency (23.1% versus 31.3%; P = 0.378). Considering all the T2DM-met patients with anemia (n = 68), three (4.4%) had macrocytic, 60 (88.2%) had normocytic and five (7.4%) had microcytic anemia.
Macrocytosis was significantly more frequent in the B12deficient group (9.6% versus 0.6%; P < 0.001). However, the MCV did not differ between T2DM-met patients with and without B12 deficiency (89.4 versus 89.0; P = 0.153).
In analyzing only the T2DM-met patients with B12 deficiency, macrocytic anemia was only found in two patients, while three others had macrocytosis with normal red blood cell counts.
DISCUSSION
The serum levels of vitamin B12 were significantly lower in the T2DM-met group than in the control group, even after excluding PPI and H2-antagonist users. Similarly, the PPI and H2-antagonist users (T2DM-met and control groups) had lower serum B12 levels than patients who did not use these medications. These findings suggest that PPI/H2-antagonists and metformin have an additive effect with regard to promoting vitamin B12 malabsorption. Both of these categories of medications are widely used by patients, sometimes without medical prescription, and their use should not be overlooked. When clinically indicated, their use should be monitored because of the possibility of vitamin B12 malabsorption and its consequences.
The prevalence of B12 deficiency among T2DM-met patients was significantly higher than in the control group matched for to sex and age (22.5% versus 7.4%). Previous studies have found similar results, but the mechanisms involved in this deficiency are not well established. 7, 20, 21 Some evidence has supported the hypothesis that metformin-induced B12 malabsorption is due to enhanced bacterial overgrowth or to modification of the intestinal microbiota. 14, 22, 23 In addition, metformin interferes with calcium-dependent membrane action and with the secretion of B12-intrinsic fator per se. Since the B12-intrinsic factor complex uptake by the ileal cell surface receptor is a calcium-dependent process, both mechanisms possibly cause a decrease in B12 absorption. 5, 24 One factor significantly associated with B12 deficiency was found: simultaneous use of metformin with PPI or H2-antagonists. The association between B12 deficiency and PPI or H2-antagonist use supports the notion that reduced gastric acidity has a role as a predisposing factor for B12 malabsorption. Both of these drugs decrease acid secretion by the parietal cells, and gastric acid produced by these cells is required for cleavage of vitamin B12 from dietary sources. [25] [26] [27] Although several other studies have reported similar findings, [25] [26] [27] this association is not always present. 6, 12, 13, 28, 29 Concerning the duration of metformin use, there was a non-significant trend towards an association between B12 deficiency and longer duration of metformin use (≥ 10 years versus < 10 years). There have been reports of decreased serum B12 levels occurring as early as three to four months after the beginning of metformin treatment. 24, 30 However, according to most reports, vitamin B12 deficiency occurs only after five to ten years of metformin use. 20, 31 This delay in the onset of B12 deficiency may be due to the significant hepatic stores of this vitamin. 28, 32 To date, only one study has estimated the prevalence of B12 deficiency among Brazilian patients with T2DM using metformin. 11 The study was conducted by Nervo et al. in the southern region of Brazil and included 144 T2DM patients using metformin. They found that B12 deficiency occurred in 6.9% of their patients. Similarly to our study, it was conducted in a single center and with a hospital-based sample. However, there was no control group and they did not find any association between serum B12 levels and use of PPI. 11 Several factors might explain the low frequency of B12 deficiency found by Nervo et al. 11 It is well known that protein intake in southern Brazil is higher than in the southeastern region. 33 Also, a lower cutoff was used for the definition of B12 deficiency (169 pg/ml), which might have underestimated the frequency of this vitamin deficiency. Finally, the median duration of metformin use was four years, which is half the median duration found in our study.
Vitamin B12 deficiency is related to a number of comorbidities, such as peripheral neuropathy and megaloblastic anemia. 34 The prevalence of anemia and mean corpuscular volume did not differ between T2DM-met patients with and without B12 deficiency (23.1% versus 31.3% and 89.4 fl versus 89.0 fl, respectively). The high rates of anemia in this particular sample might be related to several factors. The older age of our patients is one possible explanation, since it has been reported that the prevalence of anemia is higher in older age groups. 35 Also, normocytic anemia was the most common presentation (83.3% and 89.2%, respectively) in both groups of patients, with and without B12 deficiency. Considering normocytic anemia, chronic inflammation must be highlighted as a possible cause, since it is associated with the release of proinflammatory cytokines. 36 A populationbased cohort study carried out in São Paulo, Brazil, that only included individuals older than 65 years showed that 35.1% of the cases of persistent anemia could be attributed to chronic inflammation. 37 Although chronic kidney disease is known to be a cause of anemia, we did not include patients with estimated glomerular filtration rate less than 60 ml/min. However, other coexisting conditions, such as thalassemic or sickle cell trait and iron deficiency may explain not only anemia but also the lack of correlation between B12 deficiency and MCV. [38] [39] [40] In this circumstance, neutrophil hypersegmentation is an important clue to the presence of B12 deficiency. 40 Macrocytosis was present in only 9.6% of T2DM-met patients with B12 deficiency. Similarly, de Groot-Kamphuis et al. 12 showed that biochemical B12 deficiency does not predict the emergence of megaloblastic anemia.
This leads to an important caveat: there may be a discrepancy between B12 deficiency and its clinical manifestations, such that the deficiency of B12 that would be needed to cause macrocytosis is mild compared with the deficiency that is needed to cause to anemia. The clinical importance of mild, preclinical cobalamin deficiency is still uncertain. Therefore, well-designed studies are needed to clarify whether monitoring of serum B12 levels in T2DM-met patients brings any real benefit and is cost-effective.
There were several limitations to our study. First, external validity is a concern, because this was a single-center, hospital-based to decreased metabolic rates. For this reason, assessment of these markers is helpful when serum B12 levels are equivocal or borderline, thus serving as biochemical markers that reflect intracellular B12 deficiency. 34, 41, 42 Measuring homocysteine and methylmalonic acid would be helpful in distinguishing patients who have been incorrectly classified with regard to B12 deficiency (false positives and false negatives). Finally, because of the difficulty in excluding potential causes of peripheral neuropathy other than diabetes and B12 deficiency, the prevalence of neuropathy and its possible association with B12 deficiency were not evaluated.
CONCLUSIONS
This cross-sectional study conducted in southeastern Brazil confirms that in patients with T2DM, long-term treatment with metformin and concomitant use of PPI/H2-antagonists are associated with higher chances of developing biochemical vitamin B12, in comparison with non-diabetics.
